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Description 

TECHNICAL FIELD 

5 [0001] This invention relates to compounds which can act as inhibitors of the hepatitis C virus (HCV) NS3 protease, 
to uses of such compounds and to their preparation. 

BACKGROUND AFYT 

10 [0002] The hepatitis C virus (HCV) is the major causative agent of parenterally-transmitted and sporadic non-A, non- 
B hepatitis (NANB-H). Some 1 % of the human population of the planet is believed to be affected. Infection by the virus 
can result in chronic hepatitis and cirrhosis of the liver, and may lead to hepatocellular carcinoma. Currently no vaccine 
nor established therapy exists, although partial success has been achieved in a minority of cases by treatment with 
recombinant interf eron-a, either alone or In combination with ribavirin. There is therefore a pressing need for new and 

15 broadly-effective therapeutics. 

[0003] Several vlrally-encoded enzymes are putative targets for therapeutic inten/ention, including a metalloprotease 
(NS2-3), a serine protease {N-temilnal part of NS3), a hellcase (C-temnlnal part of NS3), and an RNA-dependent RNA 
polymerase (NS5B). The NS3 protease is located In the N-tenininal domain of the NS3 protein, and Is considered a 
prime drug target since it Is responsible for an intramolecular cleavage at the NS3/4A site and for downstream inter- 

20 molecular processing at the NS4A/4B, NS4B/5A and NS5A/5B junctions. 

[0004] Previous research has identified classes of peptides, in particular hexapeptides, showing degrees of activity 
in inhibiting the NS3 protease. The aim of the present invention is to provide further compounds which exhibit similar, 
and if possible improved, activity. 

[0005] According to the nomenclature of Schechter & Berger (1 967, Biochem. Biophys. Res. Commun. 27, 1 57-1 62) 
25 cleavage sites in substrates for the NS3 protease are designated P6-P5-P4-P3-P2-P1 ...PI '-P2'-P3'-P4'-, with each P 
representing an amino acid, and the scissllebond lying between PI and P1'. Corresponding binding sites on the enzyme 
are indicated as S6-S5-S4-S3-S2-S1...SV-S2'-S3'-S4'. 

[0006] The present applicant has previously disclosed so called product inhibitors which are based on the P-reglon 
of the natural cleavage sites and which have been optimised to low nanomolar potency {(1998) Biochemistry 37: 

30 8899-8905 and (1 998) Biochemistry 37: 8906-891 4. These inhibitors extract much of their binding energy from the C- 
tenninal carboxylate, the remaining interactions with NS3 being similar to the ones used by the natural substrates, 
including binding in the S^ pocket and the prominent electrostatic interaction of the P6-P5 acidic couple. 
[0007] At variance with the P region, the P' region of the substrate, while being important for catalysis, does not 
influence significantly ground-state binding to the enzyme as expressed by the Km value. In other words, binding 

35 energy released by the substrate interaction with the enzyme to f onn an Initial non-covalent complex is essentially due 
to the Interaction of the residues of the P region; the P'region residues contribute to a lesser extent to the binding 
energy. Accordingly, peptides based on the P'region of the natural substrates (spanning residues P^ '-P^o) do not inhibit 
NS3 to any significant extent. This notwithstanding, inspection of the crystalstructure of NS3 with or without 4A (and 
more recently of the NMR structure of NS3) shows the presence of binding pockets in the S' region which might be 

40 exploited for the binding of active-site directed Inhibitors. S'-blndIng ligands would therefore display a range of inter- 
actions with the enzyme different from the ones used by the substrate, and represent a novel class of NS3 inhibitors. 
[0008] Landro et at In (1 997) Biochemistry 36, 9340-9348 synthesized certain non-deavable decapeptides based 
on the NS5A/5B cleavage site by substituting the P^' serine by a bulky cyclic aromatic (tetrahydrolsoquinoIlne-3-car- 
boxylic acid) or smaller cyclic alkyi compound (proline or pipecollnic acid). They then Investigated the interaction of 

45 these decapeptides with the substrate binding site of NS3 either in the presence or absence of NS4A cofactor. By 
looking at the effect of truncation at either the P or P side of the molecule they concluded that most of the binding 
energy of the decapeptide is due to interactions with NS3-NS4A complex on the P side of the molecule. Truncation on 
the P side produced a relatively large effect in the presence of NS4A cofactor, but less when NS4A was absent. They 
concluded that the P4' substrate Tyr residue present in their molecules was in close proximity, or in direct contact with 

50 NS4A and that this residue contributes significantly to binding in the presence of NS4A. 

[0009] WO-A-00/31129 describes the development of inhibitors which are more powerful than those described by 
Landro et al because they have better binding on their P side. In other words, the inhibitors take advantage of binding 
to the S' region in addition to binding to the S-reglon of NS3. By varying the P' amino acid residues, it was shown that 
the binding energy which may be extracted from S'-region binding is substantial, since Inhibitors with optimised and 

55 non-optimised P -regions differ in potency > 1 000-fold. Since no activity was present in any of the peptides correspond- 
ing to the isolated P'-reglon, optimisation of an S'-bindIng fragment was pursued in the context of non-cieavable de- 
capeptides spanning Pe-PV • 

[0010] Many of the compounds described in WO-A-00/31129 are oligopeptides, some Including as many as ten 
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amino acid residues. Peptidic molecules of this length may be unsuitable for peroral administration because they are 
subject to degradation in the digestive tract. Thus, it is desirable to develop shorter peptides or molecules having less 
peptidic character. With this in mind, the present inventors sought to develop a "collected product" inhibitor by combining 
an optimised Pg'-PV fragment with a carboxylate positioned in the same way as the carboxylate in the P-region product 
inhibitors. They further sought to use the optimised P^-P^ fragment (cyclohexylalanine-aspartic acid-leucine-NH,) in 
the design of small molecular weight inhibitors also having a carboxylate appropriately positioned for binding to the 
enzyme. 

SUMMARY OF TT-IE INVENTION 

[001 1 ] According to a first aspect of the present Invention there Is provided a compound of formula (I), or a pharma- 
ceutically acceptable salt or ester thereof: 




[0012] Each of thestereocentres designated "a" and "b" is independently in the R configuration or th e S configuration. 
[0013] Such compounds are suitable for pham^aceutlcal use and, in particular as inhibitors of HCV NS3 protease. 
Thus, embodiments of the compound of the above first aspect may be useful in the manufacture of medicaments for 
the prevention or treatment of hepatitis C virus Infection. 
[0014] In fomiula (I): 



represents a carbocyclic ring and (n) is the total number of carbon atoms In the ring and may be between 4 and 8, but 
Is preferably 5 or 6; the ring may be aromatic or aliphatic; ! 

A is the sidechain of cyclohexylalanine or of an optionally substituted phenylglycine; 

B Is hydrogen, alkyi of 1-6, preferably 1-2, particularly 1 carbon atom, oris an arall<yl group containing between 
7 and 18, preferably from 8 to 14 carbon atoms; ' ^ * . - 

D Is hydrogen, or a group of formula: 
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^0 where Y is hydrogen or an alkyi containing 1 to 6 preferably up to 3, especially 2 carbon atonns, or a cycloalkyi 

group containing 3 to 8 carbon atoms, 
p is 1 or 2, preferably 1 ; and 

X is selected from hydroxy!, lower (C^^) alkoxy groups; 

provided that if B is hydrogen or lower alkyI, D is not also hydrogen, and if D is hydrogen B is an aralkyi group. 
25 [001 5] An embodiment of the first aspect Is a compound of fonnula (I) wherein 



30 




represents a benzene ring or a non-aromatic carbocyclic ring and (n) is the total number of cariaon atoms in the car- 
bocyclic ring and is from 4 to 6; 
35 A is (i) cyclohexylmethyl- or (ii) phenyl optionally substituted with from 1 to 3 substltuents Independently selected 

from halo, C^^ alkyI, fluoroalkyi, -O-C^^ alkyI, O-C^^ f luoroalkyi, and R«-C(=0)0-, where is naphthylmethyl-, 
2,2-diphenylethyl-, or carboxycyclohexyl-; 

B is hydrogen, alkyI of 1-6 carbon atoms or is an aralkyi group contairving from 7 to 18 cartDon atoms in which 
the aryl group is optionally substituted with one or more substituents independently selected from halo, C^^ alkyI, C^^ 
40 fluoroalkyi. -O-C^^ alkyI, and -O-C^^ fluoroalkyi; 
D is hydrogen, or a group of formula: 
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Where Y is hydrogen, an alkyi group containing 1 to 6 carbon atoms, or a cycloallcyl group containing 3 to 8 carbon 
10 atoms; 

each of the stereocentres a and b is independently in the R configuration or the S configuration; 
p is 1 or 2; and 

X is selected from hydroxyl, and -O-C^^ alkyI groups; 

provided that if B is hydrogen or all<yl, D is not also hydrogen, and if D is hydrogen B is an aralkyi group. 
IS [00161 As used herein the tenm "halo" implies a halogen atom selected from fluorine, chlorine, bromine and iodine, 
preferably fluorine, chlorine or bromine. "AlkyI" encompasses both straight and branched chain groups. The temi "fluor- 
oalkyl" likewise implies a straight or branched chain alkyI radical which is substituted by one or more fluorine atoms. 
"Aralkyi" encompasses straight or branched chain alkyI groups substituted with one or more aromatic groups, provided 
that the total number of caribon atoms lies in the specified range 

20 

DESCRIPTION OF THE INVENTION 

[0017] Preferred examples of carbocyclic ring include: 

25 




[001 8] In the case of the cyclohexyl- and cyclopentyl rings it Is highly prefered that the substituents are trans to each 
other. It is further prefen-ed that the stereochemistry In the carbocyclic ring Is 1R,2R. 

[001 9] The stereochemistry at the group A Is preferably as shown below; In other words A is preferably the side chain 
of an L-amino acid: 



A 



50 




[0020] In the case where A is the side chain of phenyl glycine the phenyl ring may be unsubstituted or may be 
substituted by an optional substituent such as a halogen, preferably fluorine, chlorine or bromine, particularly p-chloro, 
p-bromo or o-fluoro derivatives, trifluoromethyl (especially p-trifluoromethyl). aralkanoyloxy groups containing from 8 
to 20. preferably 12 to 17, especially 12 to 15 carbon atoms and cycloalkanoyloxy groups containing from 5 to 16 
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carbon atoms, preferabty 7 to 12 carbon atoms. 

[00211 It will be apparent that formula (I) includes two subclasses of connpound: 

(I) Compounds having B = hydrogen or lower alkyi and in which D is one of the two possible substituents other 
than hydrogen set out above; 

(li) Compounds having D = hydrogen and in which the group B Is an aralkyi group. 
[0022] Each of these subclasses Is considered in some more detail below. 

[0023] Preferred compounds of the first subclass are set out below at formulae (II) and (11'), compounds of fomriula 
(ir) being less preferred: 



15 



20 



25 



W o (CHA 




COjH 



NHY 



(H) 



30 



^ O (CHj)^ 

^COOH 



(II') 



40 



45 



50 



[0024] Although the formulae above show particular, preferred stereochemistry, racemic mixtures and mixtures of 
diastereomers having the opposite configuration at one or more asymmetric carbon atoms may also be useful. 
[0025] In these compounds: 

p is 1 or 2, but is preferably 1 ; 

prefen-ed carbocyclic rings are as set out above, with trans 1 R,2R cyclohexyl being particularly prefen-ed; 

Y is as defined above and is preferably hydrogen, a methyl or ethyl group; 

B' is hydrogen or lower alkyI, preferably hydrogen or methyl, especially hydrogen; and 

A* Is the side chain of cyclohexylalanine, phenylglycine, o-fluorophenylglycine and p-chlorophenylglycine. Stated 
altematively, A' is cyclohexylmethyl-, phenyl, o-fluorophenyl or p-chlorophenyl. 

[0026] Examples of compounds in this subclass can be found in the tables infra. 

[0027] In the second subclass of compounds, when D is hydrogen, B is an aralkyi group, (e.g. an aralkyi group in 
which the aryl is optionally substituted with from 1 to 3 substituents Independentiy selected from chloro, fluoro, methyl, 
CF3, OCH3 and OCF3) especially a group of fonmula: 



55 
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or 



^—(CH^)^— CH(Phe)2 



h=i.n . ^" optionally substituted phenyl group. Suitable optional substituents include 

tlS «;.hTrJ ^ chlonne and lower {C,.e, especially C,) alkoxy groups. In one embodiment, Phe is phenyl op- 
t.onally substiUjted w.th from 1 to 3 substituents independently selected from chloro, fluoro. methyl. CF,. OCH, and 
OCF3. Particularly prefen-ed examples of the B group include: /-a. v^ngcinu 



OMe 



CHjCH, 




CI 
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^— CHjCHj— CH 




and ^ — CHj — CH 



[0028] Preferred compounds of this subset include tliose of fonmula (III) below: 




(III) 



[0029] The preferred stereochemistry at A" is shown; however mixtures including the same compound with the re- 
verse stereochemistry here may also be useful. 

[0030] Once again, the preferred carbocycllc groups are as set out above with the particularly prefenred group being 
trans 1 R,2R cyclohexyl. B" is one of the prefen-ed aralkyi groups listed above and X is preferably OH. 
[0031] A" is the side chain of cyclohexylalanine, or of unsubstituted phenylglycine, p-bromophenylglycine, p-trif- 
luromethylphenylglyclne or o-fluorophenylglyclne. Stated alternatively A" is cyclohexylmethyl-, phenyl, p-bromophenyl, 
p-trlfluoromethylphenyl, or o-fluorophenyl. 

[0032] Preferred compounds of this subclass are set out in the tables B infra. 

[0033] Examples of compounds of the present invention may be effective as inhibitors of NS3 protease at micromolar 
levels. Preferably, the IC5Q, as measured in the assay described below is less than 1 0O^M, particularly less than SOjiM 
and, optimally, less than 20^M. 

[0034] According to a second aspect, the present invention provides a compound, salt or ester according to the first 
aspect, for use in any therapeutic method, preferably for use in inhibiting the HCV NS3 protease, and/or for use In 
treating or preventing hepatitis C or a related condition. By "related condition" is meant a condition which is or can be 
caused, directly or indirectly, by the hepatitis C virus, or with which the HCV Is in any way associated. 
[0035] According to a third aspect the present invention provides the use of a compound, salt or ester according to 
the first aspect in the manufacture of a medicament for the treatment or prevention of hepatitis C or a related condition. 
[0036] A fourth aspect of the invention provides a pharmaceutical composition which includes one or more com- 
pounds, salts or esters according to the first aspect. 
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[0037] The composition may also include a pharniaceutically acceptable adjuvant such as a carrier buffer stabiliser 
or other excipients. It may additionally include other therapeutically active agents, In particular those of use in treating 
or preventing hepatitis C or related conditions. 

[00381 The pharmaceutical composition may be in any suitable form, depending on the intended method of admin- 
istration. It may for example be in the fonrt of a tablet, capsule or liquid for oral administration, or of a solution or 
suspension for administration parenteralty. 

[0039] According to a fifth aspect of the invention, there is provided a method of inhibiting HCV NS3 protease activity 
and/or of treating or preventing hepatitis C or a related condition, the method invoh/ing adminrstering to a human or 
animal (preferably mammalian) subject suffering from the condition a therapeutically or prophylactically effective 
amount of a composition according to the fourth aspect of the invention, or of a compound, salt or ester according to 
the hrst aspect. "Effective amount" means an amount sufficient to cause a benefit to the subject or at least to cause a 
change In the subject's condition. 

[0040] The dosage rate at which the compound, salt, ester or composition Is administered will depend on the nature 
of the subject, the nature and severity of the condition, the administration method used. etc. Appropriate values can 
be selected by the trained medical practitioner. Preferred daily doses of the compounds are likely to be of the order of 
about 1 to 100 mg, say 0.01 to 2 mg/kg. The compound, salt, ester or composition may be administered alone or In 
combination with other treatments, either simultaneously or sequentially. It may be administered by any suitable route 
including orally, Intravenously, cutaneously, subcutaneously, etc. It may be administered directly to a suitable site or 
in a manner in which it targets a particular site, such as a certain type of cell - suitable targeting methods are already 
^ known. ' 

[0041] A sixth aspect of the invention provkJes a method of preparation of a pharmaceutical composition, involving 
admixing one or more compounds, salts or esters according to the first aspect of the invention with one or more phar- 
maceuticalfy acceptable adjuvants, and/or with one or more other therapeutically or prophylactically active agents 
[0042] In a seventh aspect of the invention a methid is provided for synthesizing the compounds of the first aspect 
25 In general, a diacid of fonmula: 
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35 



40 
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55 



COOH COOH 




or an activated form thereof, such as the acid anhydride. Is condensed with a suitably protected molecule of formula: 

A ^ 

T 

where n, A, B, D. p and X are as defined above. Suitable protecting groups will be apparent to the person of skill in 
the art and are chosen with a view to preventing reaction of any reactive groups in the groups A, B, D and X with the 
(activated) diacid or with the NHg group. 

[00431 '"t»^ecaseofthefirstsubclasspfmoleculesthepeptldtefragmentmaybesynthesizedbyconventionalpeptide 
synthesis using protecting groups well known to peptide chemists. Suitable synthetic procedures Include those de- 
scribed in: 

[0044] -Fmoc Solid Phase Peptide Synthesis, A Practical Approach", W.C. Chan and P.O. White (Eds) Oxford Uni- 
versity Press. Oxford (2000); J. Am. Chem. Soc. 114 (1992) 10646-10647 (Zuckemian. R.N. et al); and Tetrahedron 
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Lett., 37 (1996) 5277-5280 (Kolodziej S.A. et al). 

[0045] Examples of the synthesis of compounds of each subclass are described below. Routine modification of the 
reaction schemes described could be used to produce other examples of compounds of the invention. 

MODES FOR CARRYING OUT THE INVENTION 

EXAMPLES 

[0046] Embodiments of the compounds of the present invention are described below by way of example only. 
[0047] The following tables I to IV set out exemplary compounds of the invention, together with IC5Q values for inhi- 
bition of HCV NS3 protease as measured by the microplate protease activity assay described subsequently. The con- 
figuration of each asymmetric carbon in the exemplified compounds is indicated in the right hand column of each table. 
[0048] Examples of the synthesis of some of the compounds included in the tables follows the tables. 
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Table X 



HO 

H o 
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NQ> 


R1 


R2 


IC 50 


Chirai centres 


1 






ISuM 


aR.s.s,s 


2 






54uM 




3 


vV 




32 uM 


R,R*S.S.S 


4 


o 




38 uM 


SgS.S 


5 






GOuM 





55 
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Table X 

HO 

i H ^ = 



Ex. 


R1 


R2 


IC50 


Chlral eentres 


6 






64 uM 




7 






64 uM 
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Table XX 
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Ex. 
No. 



fi one isomer 





10 



ft 




11 



12 



71 

o 



V 



CM, 



ZC 50 



13 uM 



22 UM 



22 uM 



Chiral centres 



isomer, not identified 



35 uM 



37uM 
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Table XI 

OH 

O Rt O • 

HO \^CH» 



Ex. 


nx 


XC 50 


Chiral centres 


No. 








13 


6 


40uM 




14 




47uM 


aR»S.S3 


16 


X. 


26UM 






<? 

Br 
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Table III 



Ex. 
No. 




to 50 


Chiral cemres 


1€ 


O^OH 

i 11 r II • ^ 


41uM 




17 


HO 


100 uM 


R,R.S,S.S 


18 


HO 


115uM 
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Table IV 
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Ex. 
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IC 50 



" d 



MO 




O OH 






HO O 



Chirai centres 



14UM 



55 uM 



R,R.S 



1.7 uM 



TuM 



6iiM 



RKS 



RAS 
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Table IV 



Ex. 




tC 50 


Chlral centres 


29 


O 






30 


o 


49uM 


B.B.S 


















a 






31 


OCH, 


123 uM 

— - 


aas 


32 


o 


133 uM 


R.as 
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Table IV 



Ex. 



Z3 




ICSO 



177 uM 



CNral centres 



R,as 



SYNTHETIC EXAMPLES 
25 General methods. 

[0049] Unless indicated otherwise, all the materials were obtained from commercial suppliers and used without fur- 
ther purification. Thin layer chromatography (TLC) was perfonmed In silica gel 60 F^^ precoated plates (Merck). An- 
alytical HPLC was perfomied on a Beckman System Gold chromatograph equipped with a diode-array detector (dual 
wavelength monitoring. 214 and 254 nm) and a Beckmann C-18 column (250 x 4.6 mm. 5 fim). operating flow rate 1 
mL min-^ Preparative HPLC was perfomied on a Waters 600E chromatograph equipped with a Jasco UV-975 detector 
(monitoring wavelength, 254 nm and 214 nm), Waters Delta-Pak^M C-18 column (1 GO x 250 mm, 1 5 ml The operating 
flow rate was 30 mL min-i- The solvent system was: eluent A, water (0.1% TFA); eluent B, MeCN (0.1% TFA). NMR 
spectra were recorded on a Brucker instrument operating at 400 MHz (^H). Chemical shifts are reported in ppm relative 
to the solvent residual signal. Unless Indicated othenvise, the amino acids in the examples below are always In the L- 
configuration. 
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EXAMPLE A : 

Synthesis o f R.R-cyclohexane-l ,2'dicarboxvlate monoamide of Cha-Asp-Leu-NHo (Tab. I ex. No 1) and SS- 
cyclohexane-1,2-dlcarboxylate monoamide of Cha-Asp-Leu-NH^ (Tab. I ex. No 2)7 

[0050] rrans-D,L-cyclohexane-1,2-dicart)oxylate monoamide of Cha-Asp-Leu-NHa was prepared according to 
Scheme 1. Manual Solid phase peptide synthesis was perfonned on 200mg of NovaSyn TGR® resin (0.24mmol/g, 
0.048mmol) using a 5-fold excess (over the resin amino groups) of amino acid/ PyBOP/HOBt/DlEA (5:5:5: 1 0), or 5-fold 
excess of fra/)s-1,2-cyclohexanedicarboxylto anhydride. 



so 



55 
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20 

[0051] Scheme 1 . (1), (3), (5) and (7): 1 .5ml of 20% piperidine/DMF, 20 min, 25''C, followed by DMF washes (5x2 
ml); (2): 85mg of Fmoc-Leu-OH (0.24mmol), 125mg of PyBOP (0.24mmol), 37mg of HOBt (0.24mmol) and Q2\i\ of 
DiEA (0.48mmol) dissolved in 200p.l of DMF. Coupling time: 30 min, followed by DMF washes (5x2 ml); (4): as In (2), 
but 99mg of Fmoc-Asp{OtBu)-OH {0.24mmol) instead of Fmoc-Leu-OH; (6): as in (2), but 94mg of Fmoc-Cha-OH 
25 (0.24nrimof) instead of Fmoc-Leu-OH; (8): 37mg of trans-1 ,2-cyclohexanedicarboxy!ic anhydride (0.24mmof) dissolved 
in 200jil of DMF. Coupling time: 30 min, followed by DMF washes (5x2 ml). 

[0052] At the end of the assembly, the resin was washed with DMF, Methanol, and DCM and dried to constant weight 
in vacuo. The compound was simultaneously cleaved from the resin and side-chain deprotected by treatment of the 
dry resin with 1 .5ml of TFA/HgO 90/1 0 for 1 h. The TFA solution was filtered from the resin and concentrated in vacuo. 
30 1.5 ml of cold diethylether was added (bringing about visible precipitation) and the solvent was evaporated; this oper- 
ation was repeated twice. After a last addition of cold diethylether. the suspension was centrifuged, the ether rennoved 
and the solid dried in vacuo The compound 



35 



40 




« was obtained as a mixture of two diastereolsomers. Yield: 15mg (56.6%). 

[0053] Analytical HPLG of the product was performed using isocratic elution at 30%B for 5 min, followed by a linear 
gradient 30%-70%B over 20 min. The two peaks eluted at tpp 13.r and tR= 1 9,0' con-esponded to the expected dias- 
tereolsomers. Preparative HPLG was perfonned as follows: the crude sample (15mg) was dissolved in 0.5ml of DMSG, 
diluted to 7 ml with H2O/CH3GN, and loaded onto the preparative column at a flow rate of 5 ml/min. The flow was then 

50 raised to 30 ml/min and the preparative run started with an Isocratic step (30%B, 5 min) followed by a linear gradient 
30%-60%B over 20 min. The first eluted species was named "isonrier A" while the second one was named "isomer B". 
Both were lyophilized. Isomer A (Tab. I Ex. No 1) . Analytical HPLG: linear gradient 36%-65%B over 20 min, tf,=7.64', 
purity > 99%; Isomer B (Tab. I ex. No 2) : Analytical HPLG: linear gradient 35%-65%B over 20 min, 1^=13.05', purity > 
99%; 

55 [0054] The other analytical data were identical for the two isomers. Ion-spray mass spectrometry: molecular weight 
= 552.5 Da (expected M.W. 552.67 Da). ^HNMR (400.13MHz. DMSO, 300K): S8.00 (d, 1H), 7.93 (d. 1H), 7.65 (d, 1H), 
7.06 (d, 2H), 4.45 (multiplet, 1H), 4.1 6 (multiplet, 2H). 2.72-2.68 (dd, 1H), 2.57 (d, 1H), 2.45-2.35 (broad multiplet, 2H), 
1 .95-1 .84 (broad multiplet, 2H), 1 .76-1 .00 (series of multiplets, 22H), 0.87 (d, 3H), 0.77 (d. 3H). 
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Assignment of the absolute configuration of Isomers A and B. 

[0055] In order to assign the absolute configuration of the two chlral carbons at the trans-carboxycyclohexanecarb- 
onyl moiety of the two diastereoisomers (Tab. I ex. No 1 and No 2), the synthesis was repeated using the (1 R.2R)- 
cyclohexanedlcarboxylic acid to obtain the corresponding isomer in the final product. The synthetic scheme was as 
previously described (Scheme 1) with the exception of step (8): 

41 mg of (1 R,2R)-cyclohexanedicarboxylicacid (0.24mmol), 125mg of PyBOP (0.24mmol), 37mg of HOBt (0.24mmol) 
and 82^11 of DIEA (0.48mmol) dissolved In 200^1 of DMF. Coupling time: 30 min, followed by DMF washes (6x2 ml). 
The work-up and cleavage were also perfon^ed as previously described. Analytical HPLC of the crude product in the 
same conditions used for the diastereoisomeric mixture showed a single peal< with a tR= 7.62' con-esponding to the 
retention time of the isomer A (Tab. I ex. No 1). Co-injection with purified isomer A revealed a single peak with tR= 
7.59'. Therefore the assignment of the stereochemistry for the previously synthesized isomers A and B was: 




O^OH 




Isomer A Isomer B 

EXAMPLE B: Synthesis of Trans-D.L-cvclohexane-1 ,2-dicarboxvlate monoamide of Cha-Asp-Leu-NHEt : 
R,R-cyclohexane'1,2-d(carboxylate monoamide of Cha-Asp-Leu-NHEt ; and 
S,S-cyclohexane-1 .2-dicarboxylate monoamide of Cha-Asp-Leu-NHEt (Tab. I ex. No 3). 

Step 1 : Synthesis of Fmoc-Asp-(QtBu)-Leu-OBn . 

[0056] 



FfHOcNH ^ ^^iC 

OOJBii • 

I COjlBu 



[0057] Fmoc-Asp(OtBu)-OH (5.00 gr, 12.15 mmol) was dissolved in 200 mL DCM. EDO A (2,33 gr, 12.15 mmol), 
HOBT (6.32 gr, 12.15 mmol), H-Leu-OBn PTS salt (4.78 gr. 12.15 mmol) and DIPEA (2.11 mL, 12.15 mmol) were 
added in the order while stirring. 

[0058] After 12 hrs the solution was washed with IN HCI (3 x 100 mL), 5% NaaCOg (3 x 100 mL) and brine, then 
so dried (Na2S04) and concentrated to yield 7.60 gr of a white foam (98%). 

^H-NMR (CDCy 5 7,80(d, 2H). 7.60{d, 1 H), 7.5pr7.30(m, 10H). 7.00(d, NH), 6.00(d, NH). 5.20(m, 2H), 4.62(m, 2H). 
4.41 (d, 2H), 4.24(dd. 1H), 2.93(dd, 1H), 2.58(dd, 1 H), 1 .70-1 .55(m, 3H), 1.45(s. 9H), 0.93(s, 9H). 
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Step 2 : synthesis of H-Asp(OtBu)-LeuOBn . 
[0059] 



FmocNH 




H 

COJBii 



COjBn 




COgBn 



[0060] Fmoc-Asp(OtBu)-Leu-OBn (1 .00 gr 1 .60 mmol) was dissolved in 25 mL DCM. 4-aminomethylpiperidine (1 
mL, 8.0 himol) was added and stirring was continued at room tennperature. At the end of the reaction (TLC control, 
silica, EtOAc^dichloromethane 1 :4) the solution was washed with water (3x5 mL) and brine, dried over Na2S04 and 
filtered. The resulting solution was directly poured onto a chromatographic column previously equilibrated with DCM. 
20 Chromatographic purification (eluent DCM, then dichloromethane/EtOAc 4:1) yielded 606 mg of product (97%) as a 
colourless oil. 

^H-NMR (CDCI3) 6 7.71(d, 1H). 7.35(m, 5H), 5.10(m, 10H). 7.00(d, NH), 6.00(d, NH), 5.20{m, 2H), 4.62(m, 2H), 4.41 
(d, 2H), 4.24(s. 2H), 4.60(m, 1H), 3.65(dd, 1H), 2.80(dd, 1H), 1.70-1 .50(m, 3H). 1.40(s, 9H). 0.90(m, 6H). 

25 Step 3 : Synthesis of Fmoc-Cha-Asp(QtBu)-Leu-OBn. 

[0061] 



O 



I. 



COjBu 



'cq^iBu 



FmocNH -^Y^'^^^ 



so 
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[0062] H-Asp(OtBu)-Leu-OBn (606 mg. 1 .54 mmol) was dissolved in DCM (10 mL) and Fmoc-Cha-OH (610 mg, 
1 .54 mmol), EDCA (330 mg, 1 .69 nrvnol) and HOBT (1 .2 gr, 2.31 nvnol) were added. The resulting mixture was stirred 
at room temperature for 12 h. The solution was diluted with EtOAc (150 mL) , washed with 1N HCt (3 x 100 mL), 5% 
Na2C03 (3 X 50 mL) and brine then dried (Na2S04) and concentrated to obtain 1 .10 gr of a white solid (99%), which 
was used without further purification In the next step. Fmoc-Cha-Asp(OtBu)-Leu-OBn (1 .10 gr, 1 .54 mmol) was dis- 
solved in MeOH (10 mL), 50 mg of 5% Pd/C were added and the resulting misture was stirred for 6 h under H2 atmos- 
phere. After filtration and distillation of the solvents in vacuo, 803 mg of a white foam were obtained (77%). 
IH-NMR (CDCia) 8 7.80 (d, 2H), 7.60(m, 2H), 5.10(m, 10H), 7.42(m. 3H), 7.31 (m, 2H), 7.20(d, 1H). 5.20(d, 1H). 4.80 
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(m, 1H), 4.40-4.34(m, 3H), 4.21 (m. 2), 2.90(dd, 1H), 2.60(dd, 1H), 1 .84-1 .350(m, 14H). 1 .40(s. 9H). 0.90(m. 6H). 
Step 4 : Synthesis of FmoC'Cha-AspfOtBu)-Leu-NHEt . 
5 [0063] 
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OOjtBu 



'"^ CONHEt 



[0064] A solution of Fmoc-Cha-Asp(OtBu)-LeuOH (803 mg, 1.19mmol), EDCA(341 mg, 1.77mmo() and HOBT(116 
mg. 1.77 mmol) in DCIVI (20 mL) was stin-ed at room temperature. A solution of ethylamlne hydrochloride (145 mg 
1 .77 mmol) and DIPEA (0.31 mL, 1 .77 mmol) in DCIVI (20 mL) was added dropwise. After 6 h the solution was diluted 
with 50 mL DCM, washed with IN HCI (3 x 25 mL), 5% NaaCOg (3 x 50 mL) and brine, then dried (NaoSOJand 
concentrated to yield 1 .00 g of a white solid which was used without further purification in the next step 
1H-NMR (CDCI3) 8 7.80(d. 1 H), 7.60(m, 3H). 7.4-(m, 2H), 7.31 (m, 2H). 7.00(d, 1 H), 6.55(dd. 1 H), 5.20(d. 1 H) 4 60(m 
1H). 4.50<4.40(m. 3H), 4.30(m, 1H), 4.40(m. 1H). 3.30(m. 2H). 2.90(dd, 1H), 2.35(dd. 1H). 1.80-1 .20(m. 12H), 1 .35(s' 
9H), 1.13(t,3H),0.90(m, 4H),0.80(m,6H). . 

Step 5 : synthesis of H-Cha-Asp(OtBu)-Leu-NHEt . 



[0065] 



CO2IBU 




CONHEt 



[0066] Fmoc-Cha-Asp(OtBu)-Leu-NHEt (1 .06 gr, 1 .19 mmol) was dissolyed in 1 0 mL DCM. 4-aminomethylpiperidlne 
(1 mL, 8.0 mmol) was added and stirring was continued at room temperature. At the end of the reaction (TLC control, 
silica, EtOAcOCM 1 :4) the solution was washed with water (3x5 mL) and brine, dried over Na2S04 and filtered. The 
resulting solution was directly poured on a chromatographic column previously equilibrated with DCM. Chromatograph- 
ic purification (eluent DCM, then DCM/EtOAc 4:1) yielded 308 mg of product (55%) 

^H-NMR (CDCI3) 6 8.20(d, 1 H). 6.60(d, 1H). 6.45(dm. 1H). 4.68(m. 1 H). 4.40(m, 1H), 3.44(dd. 1 H), 3.26(m, 2H), 2.80 
(m, 2H), 1.40-1.16(m. 14H), 1.45(s, 9H), 1.13(t, 3H). 1.00(m, 2H), 0.9(m. 6H). 
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Step 6 : Synthesis of Trans-D,L-cydohexane-1 ,2-dicarfaoxylate monoamide of Cha-Asp-Leu-NHEt . 



[0067] 

5 



10 



15 




[0068] A solution of H-Cha-Asp(OtBu-Leu-NHEt (1 00 mg, 0.21 mmol), DMAP (cat. amount) andtrans-(D,L)-cyclohex- 
anedlcarboxyllc anhydride in DCM (5 mL) was stirred at room temperature for 3 h. Then the solution was diluted with 
DCM (20 mL), washed with IN HGI (2 x 10 mL) and brine, then dried and concentrated to obtain 98 mg (73%) of a 
30 white solid. 

The solid was dissolved in water (1 mL) and TFA (4 mL) and was stirred at room temperature for 1 h. Solvents were 
then distilled off in vacuo. Trituration of the residual oil with diethyl ether yielded 60 mg of a white solid. 
IH-NMR (DMSO-6d) 8 8.20, 8.00, 7.90, 7.85, 7.65, 7.60, 7.50 (NHs, 4H), 4.45(m, 1H), 4.1 4(m, 2H), 3.00(dd. 2H), 2.70 
(m, '1 H), 2.50(m. 1 H), 2.41 (m, 2H), 2.05-1 .05(m, 22H). 1 .00(t, 3H), 0.80(dd, 6H), 0.80(m, 2H). 
35 The two distereoisomers were separated by preparative HPLC (linear gradient 30%-90% B in 25 min) to obtain: 

R,R-cyclohexane-1,2-dicarboxylate monoamide of 

Cha-Asp-Leu-NHEt retention time lOmin. 

S,S-cyclohexane-1,2-dicarboxylate monoamide of Cha-Asp-Leu-NHEt (Tab. I, Example No 3): retention time 20 
40 min. 

EXAMPLE C: Synthesis of compound (Tab. IV Ex. No 19) and Its stereoisomer 

[0069] Solid phase synthesis was perfonned on 1 0Omg of Wang resin (Novabiochem, 0.96mmot/g, 0.096mmol). The 
45 compound was prepared according to the following scheme: 
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(2) 



o 




(3) 



Fmocv 




(4) (5) 
-> • > 




[0070] Scheme 2.: (1): 76.4jil TEA (0.53mmol). then 38.2 jil ACC (0.48mmol), were added to the resin pre-swollen 
in 600 jil of DCM. Reaction time: 2h, followed by DCM washes (5 x 2ml). The procedure was repeated with a lower 
excess of reagents: 46ul of TEA (0.32mmol). then 23 ^1 of ACC (0.29mmol). were added to the resin swollen in 600 
\i\ of DCM. Reaction time: 2h. The resin was sequentially washed with DCM. DMF and MeOH. (2): 1 84 ^1 of 3,3-diphe- 
nylpropylamln© (0.96mmol) dissolved in 776 jil DMSO (1M solution). Reaction time: 22h, room temperature, with stir- 
ring. The resin was washed with DMSO, MeOH and DCM. (3): 143mg Fmoc-Phg-OH (0.38mmol), 146mg HATU 
(0.38mmol) and 131 jil DIEA (0.38mmol) dIssoVed in 400 ^l of DMF. Coupling time: 2h. followed by DMF washes (5 
X 2ml). Partial racemization of the Phg occurs in these conditions. (4): 1 .5ml of 20% piperidine/DMF, 20 min, followed 
by DMF washes (5 x2ml). (5): 81mg of (1 R.2R)-cyclohexanedicarboxylic acid (0.48mmol), 250mg PyBOP (0.48mmol) 
71 mg HOBt {0.48mmol) and 164nl DIEA (O.i96mmol) dissolved in 400nl DMF. Coupling time: 1h, followed by DMF 
washes (5x2 ml). 

[00711 At the end of assembly, the resin was washed with DMF MeOH, and DCM and dried to constant weight in 
vacuo. The compound was cleaved from the resin by treatment with 3ml of TFA/HgO 95/5 for 20 min. The TFA solution 
was filtered from the resin which was washed with DCM (3 x 1 ml). The TFA/DCM solution was concentrated in vacuo. 
3ml of cold diethylether were added (inducing formation of a fine precipitate) and the solvent evaporated; this operation 
was repeated once again, then the sample was lyophilized. The compound was obtained as a mixture of diastereoi- 
somers (yield, 39 mg, 71%): 
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[0072] Analytical HPLC of the product was perfomned using a linear gradient 30%-80%B over 1 5 min. The two peaks 
eluting at tR= 1 2.5' and tR= 14.0' corresponded to the two expected diastereoisomers. Preparative HPLC was performed 
as follows: the crude sample (1 Omg) was dissolved In 1 ml of DMSO, diluted to 5 ml with H2O/CH3CN, and loaded onto 
the preparative column at a flow rate of 6 ml/min. The flow was then raised to 30 ml/min and the preparative run started 
with an Isocratic step (40%B, 5 min) followed by a linear gradient 40%-80%B over 20 min. The first eluted species was 
named "isomer A" while the second one was named "isomer B". Both were lyophilized. 

t^^^l 'somerAqab.lVEx. No 19). Analytical HPLC: linear gradient 30%.80%B over 15 min, tR=12.69*, purity > 99%; 

[0074] Isomer B: Analytical HPLC: linear gradient 30%.80%B over 15 min, tn=14.08', purity > 99%; 

[0075] The other analytical data were identical for both compounds. Ion-spray mass spectrometry: rnofecular weight 
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= 570.5 Da (expected M.W. 570.69 Da). ""HNMR (400.13MH2. DMSO, 300K): 88.45-8.15 (dd, 1H), 7.43-7.10 (m, 15H), 
6.93-6.83 (m, 1 H), 5.80-5.40 (dm, 1 H), 4.05-2.95 (series of multiplet, 6H), 2.43-2.1 0 (series of muttiplet, 4H), 2.00-1 .82 
(broad m. 2H), 1 .78-1 .60 (broad m. 2H). 1 .32-1 .1 0 (broad m, 4H). 

[0076] By analogy with the previously synthesized analogous compounds, in which the R configuration corresponded 
to the species with the lower retention time, the S configuration at the Phg was tentatively assigned to isomer A, and 
the R configuration to isomer B: 




Isomer A \sGPner B 



EXAMPLE D: Synthesis of compound (Tab. IV Ex. No 21) and its stereoisomer 

Step 1 : Synthesis of N-3,3-diphenylpropyl-p-alanine-OtBu . 

[0077] 




[0078] 3,3-diphenylpropylamine (2.00 gr, 9.76 mol) and t-butylacrylate (1.28 gr, 9.76 mmol) In EtOH (5 mL) were 
stirred at room temperature for 12 h; the solvents were then distilled off in vacuo. Chromatographic purification of the 
residue (silica, DCM/EtOAc 1:1 then DCM/EtOAc 1:1,1% TEA) yielded 2.61 gr of product (79%) as a colouriess oil. 
^H-NMR (DMS0-6d) 5 7.25(m, 10H), 2.6(m, 1H), 6.45(dm, 1H), 4.68(m, 1H),-4.40(m, 1H), 3.44(dd, 1H),'326(m, 2H), 
2.80(m, 2H), 2.3(m, 2H), 2.20(m, 2H), 2.05(m, 2H). 1 .30(s, 9H). 
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Step 2 : Synthesis of 4-br omo-D,L-phenyl glycine ester of N-3.3-diphenvlpropvl-B-alantne-OtBu . 
[0079] 
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FMOCNH„_^Cq^ FMOCNH 
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[0080]. Fmoc-4-bromo-D.L-phenyglycine (161 mg, 0.36 mmol) was dissolved In 10 mL (1:1) DCM/DMF. HATU (163 
mg, 0.43 mmol), DIPEA (0.14 mL, 0.78 mmol) and N-3,3-diphenylpropyl-p-alanine-OtBu (133 mg. 0.39 mmol ) were 
added in that order. Stirring was continued at room temperature for 12 h. The mixture was then diluted with DCM (30 
mL), washed with 1N HCI (3 x 10 mL), 10% NaaCOg (2 x 10 mL) and brine, then dried (Na2S04) and concentrated in 
vacuo to yield 314 mg of product as a yellow oil. This was used in the next step without further purification. The oil was 
dissolved in 15 mL DCM and 0.46 mL of 4-aminomethylpiperidine (3.57mmol) were added. At the end of the reaction 
(TLC control, DCM/MeOH 9:1) the solution was diluted with 30 mL DCM, washed with water (2 x 10 mL) and brine, 
dned over Na2S04 and filtered. The resulting solution was directly poured onto a chromatographic column previously 

equlllbratedwith DCM. Chromatographicpurlficmion(eluentDCM,then DCM/MeOH 9:1)yle!ded101 mg of a colourless 
oil (combined yield for the two steps, 51 %). 
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Step 3 : Synthesis of R,R-cyclohexane dicarboxytic acid monoamide of (D,L)-p-Br-phenylg(ycinamicie of N- 
3,3-diphenylpropyl-N-2-carboxyethvlamide . 

[0081] 




[0082] A solution of 4-bromo-D,L-phenyl glycine ester of N-3,3-diphenylpropyl-b-alanlne-OtBu (1 01 mg, 0.1 8 mmol), 
35 R,R-cyclohexanedicarboxyllc acid (33 mg, 0.19 nnmol), EDCA (35 mg, 0.18 mmol) and DMAP (22 mg, 0.18 mmol) in 
5 mL DCI\1 was stirred at room temperature for 12 h. Then it was diluted with DCM (1 0 mL), washed with 1 N HGI (3 
X 5 mL) and brine, dried and concentrated to yield 135 mg of product as a white foam. The foam was dissolved in 10 
mL (95:5) TFA/H2O and stirred for 1 h at room temperature. The solvents-were then distilled off in vacuo. The two 
distereoisomers were separated by preparative HPLC (linear gradient 30%-90%B in 25 min) to obtain: 
40 Example 21 (Tab IV) (R.R.S isomer) , retention time 13 min, 30 mg 

1H-NMR (DMSO-dg) 5 8.45 and 8.35 (d. 1H, NH); 7.50-6.70 (m, 14H); 5.80 and 5.45 (d, 1H), 4.00-3.15 (m, 4H), 3.05 
(m, 2H), 2.50-2.00 (m, 6H), 2.00-1.10 (m 4H). 

(R,R,R isomer), retention time 15 min, 35 mg 
^H-NMR (DMSO-dg) 6 8.45 and 8.20 (d, 1H, NH); 7.50-6.80 (m, 14H): 5.85 and 5.45 (d, 1H), 3.80-2.80 (m, 6H), 
45 2.50-2.00 (m, BH), 2.00-1 .10 (m 4H). 

MicFoplate protease activity assay 

[0083] The HCV-protease (J strain) was stored until use at -80°C In 250 mM NaCI, phosphate buffer pH 6.5, 50% 
so glycerol, 0.1 % CHAPS. As protease co-factorthe peptide Pep4AK (KKKGSWIVGRIlLSGR-NHg), spanning the central 
hydrophobic core (residues 21 -34) of the NS4A protein, with a three-tyslne tag at the N-temninus to increase solubility 
(BianchI, E. et al., Biochemistry 7890-7897; 1 997), was used. Pep4AK was stored at -80''C In DMSO; the tritlated 
substrate Ac-DEMEECASHLPYK (3H-Ac)-NH2 ancl the corresponding cold substrate Ac-DEMEECASHLPYK(Ac)-NH2 
were stored at -80°C in DMSO/DTT. 
55 [0084] The assay was run In Costar polypropylene 96-well plates. . The composition of the reaction mixture was as 
follows (100^1): 
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Glycerol 


i CO/ 


DTT 

Hepes pH 7,5 
Triton X-100 
Protease 

hot + cold substrate 
Pep4AK 


30 mM 
50 mM 
0.05% 
10 nM 
5iLiM (300,000 cpm) 
15 



[0085] Test compounds were dissolved - in DMSO (final concentration 1 0% DMSO) Pep4AK was pre-lncubated with 
protease for 5 mm pnor to addition of substrate mix. In these conditions, the substrate Km was 7±2 nM. Test compounds 
were added at 8 different concentrations In 8 different wells. Plates were shaken for 30 minutes at room temperature 
then an ionic exchange resin (1 00 fil of 20% Fractogel TSK-DEABg) 650S, Merck) was added to capture unprocessed 
substrate and plates shaken for another 10 minutes. After allowing the resin to settle by centrifugation. 30 iil of the 
reaction mix were transferred in a 96-well plate (Picoplate. Packard), admixed with 250 fil of scintillation cocktail Mi- 
croscint 40. and the radioactivity measured in a scintillation Packard Top Count p-counter. 

[0086] IC50 was calculated from the test compound dilution cun^e, as the concentration of compound givinq 50% 
inhibitions. ^ ^ y^w/o 



ABBREVIATIONS AND SYMBOLS USED IN THE TEXT 



[0087] 



ACC, acryloyi chloride; 

Cha, cyclohexylalanlne; 

CHAPS, 3-[(3-colamidopropyl)-dimethyl-ammonium] -1 -propan-sulfonate; 

DCM, dichloromethane; 

DIEA, diisopropylethylamine; 

DMF, N.N'-dlmethylfomiamide; 

DMSO, dimethyl sulfoxide; 

DTT=Ditiotreithol 

EDCA. ethyl-diisopropylcarbodlimide; 
Fmoc, 9-fluorenylmethyioxycarbonyl; 

HATU, [0-(7-azabenzotria2ol-1 -yl)-1 ,l ,3,3-tetramethyluronlum hexafluorophosphate]; 
HOBt, ISI-hydroxybenzotrlazole; 
Phg, phenylglycine; 
PTS, p-toluensulphonate; 

PyBOP, (benzotriazol-1 -yloxy)tris(pyrrolidino)phosphonium hexafluorophosphate; 
tBu, teit-butyl; 
TEA, triethylamine; 
TFA. trifluoroacetic acid. 



Claims 

1 . A compound of fomnula (I), or a phannaceutically acceptable salt or ester thereof: 




(I) 
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wherein: 



represents a benzene ring or a non-aronnatic carbocydic ring and (n) is the total number of carbon atoms in the 
carbocyclic ring and Is from 4 to 8; 

A Is (1) cyclohexylmethyl- or (ii) phenyl optionally substituted with from 1 to 3 substituents independently 
selected from halo, C1.4 alkyi, C^^ fluoroalkyl, -O-C1.4 alkyi, O-C1.4 fluoroalkyl. and Ra-C(=0)0-, where is 
naphthylmethyl-, 2,2-diphenylethyl-, or carboxycyclohexyl-; 

B Is hydrogen, lower alkyi of 1 -6 carbon atoms or is an aralkyi group containing from 7 to 1 8 carbon atoms 
In which the aryl group is optionally substituted with one or more substituents Independently selected from halo, 
Ci.4alkyl, C1.4 fluoroalkyl. -0-C^^alkyl, and -0-0^.4 fluoroalkyl; 

0 Is hydrogen, or a group of fomnula: 




where Y is hydrogen, an alkyi group containing 1 to 6 carbon atoms, or a cycloalkyi group containing 3 to 8 
carbon atoms; 

each of the stereocentres a and b is Independently in the R configuration or the S configuration; 
p is 1 or 2; and 

X is selected from hydroxyl, and -O-C^.g alkyi groups; 

provided that if B Is hydrogen or lower alkyi, D is not also hydrogen, and if D is hydrogen B Is an aralkyi group. 
2. A compound, salt or ester according to claim 1 wherein the stereochemistry at group A is as shown: 



3. A compound, salt or ester according to claim 1 or claim 2 wherein B is hydrogen or a lower alkyi group and D is 
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one of the substituents 



5 



10 



15 



20 




: or 



O 



where Y is as defined in claim 1 . 

A compound according to claim 3 having the formula (II) or (11)', or a pharmaceutically acceptable salt or ester 
thereof: 



35 



40 



45 




COOH 

50 

wherein p. Y and 

55 
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are as defined in ciaim 1 ; 

B* is hydrogen or lower alkyl; and 

A' Is cyclohexylmethyl-» phenyl, o-fluorophenyl or p-chlorophenyl. 

An enantiomer or diastereomer of a compound, salt or ester according to claim 4, or a mixture of enantiomeric 
and/or diastereomeric forms of said compound, salt or ester. 

A compound, salt or ester according to dalm 1 or 2 wherein D is hydrogen and B Is an aralkyi group In which the 
aryt is optionally substituted with from 1 to 3 substituents Independently selected from chloro, fluoro, methyl, CF3, 
OCH3 and OCF3. 

A compound, salt or ester according to claim 6 wherein the aralkyi group B is a group of fomiula: 



where m is 1 or 2, and Phe is phenyl optionally substituted with from 1 to 3 substituents independently selected 
from chloro, fluoro, methyl, CF3, OCH3 and OCF3. 

A compound, salt or ester according to claim 7 wherein the group B is selected from: 



or 





OMe- 




OMe 
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^— CH,CM, (Q 



CI 



10 



15 



< CHjCH. — CH 



5 CH^CH^ CH 



25 



30 



9. A compound, according to claim 7 or 8 having the formula (ill), or a pharmaceutical^ acceptable salt or ester 
thereof: 



Q r f 



35 . O 

o m 




wherein 

40 



45 



is as defined In claim 1 , B" is an arallcyl group as set out In ciaim 6 or claim 7 and A" Is cyclohexylmethyi- phenyl 
p-bromophenyl. p-trifluoromethylphenyl or o-f luorophenyl. 

10. An enantiomer of the compound, salt or ester of claim 9, or a mixture of said compound, salt or ester with its 
enantiomer. 

11. A compound, salt or ester according to any one of the preceding claims wherein the group 



55 
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is selected from 



COOH < 



COOH COOH ^COOH 



COOH 



and 



12. A compound, salt or ester according to claim 11 wherein the carbocyclic ring is a cyclohexyl or cyclopentyl ring 
whose substituents are trans to each other. 

13. A compound, salt or ester according to claim 12 wherein the stereochemistry in the carbocyclic ring is 1 R,2R. 

14. A compound of fonnula (IV), or a pharmaceutically acceptable salt or ester thereof: 



HQ 




(IV> 



wherein the chlral centres are In the configuration R,R,S,S,S. 
15. A compound of fonnula (V), or a phamnaceutically acceptable salt or ester thereof: 
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HO 

O 



10 (V) 

wherein the chiral centres are in the configuration S,S,S,S,S. 
IS 16. A compound of formula (VI), or a phamiaceutlcally acceptable salt or ester thereof: 



HO 



15 



(VI) 

30 Wherein the Chiral centres are in the configuration R,R.S,S.S. 

17. A compound of fomula (VII), or a phanDaceutically acceptable salt or ester thereof: 



35 

O 





43 




50 (VII) 



Wherein the chiral centres are in the configuration R,R,[FVS),S,S. 
18. A compound of fonnula (VIII), or a phamiaceuticalty acceptable salt or ester thereof: 

ss 
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wherein the chirai centres are in the configuration R,R,S,S,S. 
20. A compound of fonnula (X), or a phamnaceutically acceptable salt or ester thereof: 




wherein the chirai centres are in the configuration R,R,S. 
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21. A compound of formula (XI), or a pharmaceutically acceptable salt or ester thereof: 



10 



15 



20 




(XI) 

wherein the chlral centres are In the configuration R,R,S. 
22. A compound of formula (XII), or a pharmaceutically acceptable salt or ester thereof: 



25 



30 



35 




HO-^O " 



(XII) 



wherein the chiral centres are in the configuration R,R,S, 



23. A compound of formula (XIII), or a pharmaceutically acceptable salt or ester thereof: 



40 



45 



so 



55 




(XIII) 

wherein the chiral centres are In the configuration R,R,S. 
24. A compound of fonnula (XIV), or a phamiaceutlcally acceptable salt or ester thereof: 
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HO 




(XIV) 



wherein the chiral centres are In the configuration R,R,S. 

25. A compound, salt or ester according to any one of the preceding claims for phannaceutical use. 

26. The use of a compound, salt or ester according to any one of claims 1 to 24 in the manufacture of a medicament 
for the prevention or treatment of hepatitis C virus infection, or a related condition. 

27. A phannaceutical composition comprising a compound, salt or ester of any one of claims 1 to 24 and a phamria- 
ceuticaliy acceptable excipient, diluent, or canier and/or with another therapeutically or prophylactically active 

agent. 

28. A method for the preparation of a compound according to claim 1 comprising condensing a dtacid of fomiula: 



where n, A, B, D, p and X are as defined in claim 1 . 
PatentansprQche 

1 . Eine Verbindung der Formel (I) oder ein pharmazeutisch annehmbares Salz oder ein pharmazeutjsch annehmbarer 




or an activated form thereof, with a suitably protected molecule of fonnuia: 




Ester davon: 
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wobei: 



einen Benzolrlng oder einen nichtaromatlschen carbocyclischen Ring bedeutet und (n) die Gesamtzahl an Koh- 
lenstoffatomen In dem carbocyclischen Ring ist und 4 bis 8 betragt, 

A ist (1) Cyclohexylmethyl- oder (ii) Phenyl, gegebenenfalls substituiert mit 1 bis 3 Substrtuenten, unabhangtg 
ausgewahit aus Halogen, Ci.4-Alkyl, C^^-Fluoralkyl. -0-Ci.4-Alkyl, O-Ci^-Fluoralkyl und R«-C(=0)0- wobei Ra 
Naphthylmethyl-, 2,2-Diphenylethyl- oder Carboxycyclohexyl- Ist, 

B ist Wasserstoff . NiedrigalkyI mit 1 -6 Kohlenstoffatomen oder eine Aralkylgruppe mit 7 bis 1 8 Kohlenstoffa- 
tomen, wobei die Arylgruppe gegebenenfalls mit einem oder mehreren Substituenten, unabhangig ausgewahit 
aus Halogen, C^^-Alkyl, Ci^-Fluoralkyl, -O-Ci^-Alkyl und -0-Ci^-FluoraH<yl, substituiert Ist 

D Wasserstoff oder eine Gruppe der Fonnel: 




O 




Oder 




8 Kohlenstoffatomen ist, 



ist, 

wobei Y Wasserstoff, eine Alkylgruppe mit 1 bis 6 Kohlenstoffatomen oder eine Cycloalkylqruppe mit 3 bis 
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jedes der Stereozentren a und b unabhangig die R-Konfiguration oderdie S-Konfiguration besitzt, 
p 1 Oder 2 Ist und 

X ausgewahit ist aus Hydroxyl und -0-Ci.6-Alkylgruppen, 

mit der MaBgabe, daB, wenn B Wasserstoff oder NiedrigalkyI ist, D nicht ebenfalls Wasserstoff ist, und, wenn 
D Wasserstoff ist, B eine Arallcylgruppe ist. 

Eine Verbindung, ein Salz oder ein Ester gemaB Anspruch 1 , wobei die Stereochemie in Gruppe A wie gezeigt ist: 



O 



Eine Verbindung, ein Salz Oder ein Ester gemaB Anspruch 1 oder Anspaich 2, wobei B Wasserstoff oder eine 
Niedrigalkylgruppe Ist und D einer der Substttuenten 



Oder 




ist, 

wobei Y wie in Anspruch 1 definiert ist. 

Eine Verbindung gemaB Anspruch 3 mit der Fomriel (II) oder (11)' oder ein phannazeutisch annehmbares Salz oder 
ein phannazeutisch annehmbarer Ester davon: 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



55 




NHY 

(«) 



\ 
COOH 

9 

wobei p, Y und 

wie in Anspruch 1 definiert sind, 

B' Wasserstoff oder NiedrigalkyI ist und 

A' Cyclohexylmethyl-, Phenyl, o-Fluorphenyl Oder p-Chlorphenyl Ist. 

5. Ein Enantiomer Oder Diastereomer einer Verblndung. eines Salzes oder eines Esters gema3 Anspruch 4 oder 
eine Mischung aus enantiomeren und/oder diastereomeren Formen der Verbindung. des Salzes oder des Esters. 

6. Eine Verbindung, ein Salz oder ein Ester gemaB Anspruch 1 oder 2, wobel D Wasserstoff Ist und B eine Aral- 
kylgruppe ist, bei der das Aryl gegebenenfalls mit 1 bis 3 Substituenten, unabhangig ausgewahit aus Chlor Fluor 
Methyl, CF3, OCH3 und OCF3. substituiert Ist. ' ' 

7. Eine Verblndung. ein Salz oder ein Ester gem§l3 Anspruch 6, wobei die Arallqrigruppe B eine Gruppe der Formel: 
Oder 

J f«M»)* CH|Ph«), 

ist, wobei m 1 oder 2 ist und Phe Phenyl Ist. gegebenenfalls substiluiert mit 1 bis 3 Substituenten. unabhanqlq 
ausgewahit aus Chior, Fluor. IVIethyl, CF3, OCH3 und OCF3. 



8. Eine Verblndung, ein Salz oder ein Ester gemaB Anspruch 7, wobei die Gruppe B ausgewShIt ist 



aus: 
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^— CH,CH,— 




OMe 



^_CH,CH, (Q 



OMe 

}— CH,CH, — 

^— CH,CH, 



< CH-CH- — CK 

> CMjCH, CH 



Eine Verbindung gemiB Anspruch 7 oder 8 mit der Foimel (III) Oder ein pharmazeutisch annehmbares Salz Oder 
ein pharmazeutisch annehmbarer Ester davon: 
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A- 0- 




(lll> 



10 



wobei 



IS 



wie in Anspruch 1 definlert 1st. B" eine Arail^ylgmppe ist, wIe sie in Anspruch 6 Oder Anspruch 7 deflnlert ist, und 
A" Cyclohexylmethyl-, Phenyi, p-Bromphenyl. p-Trlfiuonnethyiphenyl Oder o-Fluorphenyl ist. 

20 10. Ein Enantiomer der Verbindung. des Salzes oder des Esters nach Anspruch 9 Oder eine iSdischung der Verbindung, 
des Saizes oder des Esters mit ihrem/seinem Enantiomer. 

1 1 . Eine Verbindung, ein Saiz oder ein Ester gemaB irgendeinem der vorhergelienden Anspruche, wobei die Gruppe 



25 



:ooM 




30 



ausgewahit ist aus 



35 



COOH 



COOH 




COOH 

i 



40 



und 



pOOH 



45 



SO 



12. Eine Verbindung. ein Saiz oder ein Ester gemSB Anspmch 11 , wobei dercarbocyciische Ring ein Cyclohexyi- oder 
Cydopentylring Ist, dessen Substituenten trans zueinander stelien. 

13. Eine Verbindung, ein Saiz oder ein Ester gemaB Anspruch 12, wobei die Stereochemie In dem carbocyclischen 
Ring 1R,2R ist. 

14. Eine Verbindung der Fomiel (IV) oder ein pharmazeutisch annehmbares Saiz oder ein pharmazeutisch annehm- 
barer Ester davon: 



55 
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HO 

)==o 



b ° ^ 



HO-^O ® 



(IV) 



wobei die Chiralitatszentren in der Konf Iguration R,R,S,S,S voriiegen. 

15 

15. Eine Verbindung der Format (V) Oder ein pharmazeutisch annehmbares Salz Oder ein pharmazeutisch annehm- 
barer Ester davon: 



HO 



25 J. O 



r r « 

HQ-^O 




o 

o 



(V) 



30 

wobei die Chiraiitatszentren in der Konfiguration S.S,S,S,S voriiegen. 

16. Eine Verbindung der Forme! (Vl) Oder ein pharmazeutisch annehmbares Salz Oder ein phamrjazeutisch annehm- 
barer Ester davon: 

35 

HO 

40 I I M 





45 



(VI) 



wobei die ChirafitStszentren in der Konfiguration R,R,S,S,S voriiegen. 

50 17. Eine Verbindung der Fomriel (VII) Oder ein phamnazeutisch annehmbares Salz Oder ein phanmazeutisch annehm- 
barer Ester davon: 



44 
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.1 A v°Xh, 




10 



IS 




r 



(VII) ' 



20 



wobei die Chiralitatszentren in der Konfiguration R,R,[R/S],S,S vorliegen. 

18. Erne Verbindung der Formel (VIM) Oder ein pharmazeutisch annehmbares Salz Oder ein pharmazeutisch annehm- 
barer Ester davon: 



25 



30 



35 




OH 



6.x V 




(VIII) , 



40 



wobei die Chiralitatszentren in der Konfiguration R,R,S,S,S vorliegen. 

19. Eine Verbindung der Formel (IX) Oder ein pharmazeutisch annehmbares Salz Oder ein pharmazeutisch annehm- 
barer Ester davon: 



45 



so 



55 
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10 



15 



20 




OH 



" o 




(IX) 



wobei die Chiralitatszentren in der Konflgu ration R,R,S.S,S voriiegen. 

25 20. Eine Verblndung der Forniel (X) oder ©in pharmazeutisch annelimbares Salz oder ©in phanmazeutlsch annehm- 
barer Ester davon: 



30 



35 




HO ^0 



(X) 



40 wobei die Chiralitatszentren in der Konfiguration R,R.S voriiegen. 

21. Eine Verbindung der Fomiel (XI) oder ein pharmazeutisch annehmbares Salz oder ein phamiazeutisch annehm- 
barer Ester davon: 



45 



so 



55 




(XI) 
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wobei die Chiralitatszentren in der Konfiguratlon R.R.S vorliegen. 

22. Eine Verbindung der Formel (XII) oder ein pharmazeutisch annehmbares Salz Oder ein pharmazeutlsch annehm- 
barer Ester davon: 



10 



15 




(XII) , 



20 



wobei die Chiralitatszentren in der Konfiguratlon R,R,S vorliegen. 

23. Eine Verbindung der Formel (XIII) Oder ein phamiazeutisch annehmbares Salz oder ein phannazeutrsch annehm- 
barer Ester davon: 



25 



30 



35 




(XlII) ' 



wobei die Chiralitatszentren In der Konfiguratlon R,R,S vorliegen. 

24. Eine Verbindung der Formel (XIV) oder ein phamiazeutisch annehmbares Salz oder ein phamiazeutisch annehm- 
40 barer Ester davon: 



45 



50 




HO — 



(XIV) 



wobei die Chiralitatszentren in der Konfiguratlon R.R.S vorliegen. 

55 25. Eine Verbindung, ein Salz oder ein Ester gemaB irgendelnem der vorhergehenden Anspruche zur phamiazeuti- 
schen VenA/endung. 

26. Die Venivendung einer Verbindung. eines Salzes oder eines Esters gemaB irgendelnem der Anspruche 1 bis 24 
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zur Herstellung eines Medikaments zur Pravention Oder Behandlung einer Hepatitls-C-Virusinfektion oder eines 
verwandten Zustands. 

27. Eine pharmazeutische Zusammensetzung, die eine Verbindung, ein Salz oder einen Ester nach irgendeinem der 
Anspriiche 1 bis 24 und einen pliamnazeutisch annehmbaren Hilfsstpff, ein phanmazeutisch annehmbares Ver- 
dunnungsmittel oder einen phamiazeutlsch annehmbaren Trager und/oder ein weiteres therapeutlsch oder pro- 
phylalclisch wirksames Mittel enthalt. 

28. Ein Verfahren zur Herstellung einer Verbindung gemaB Anspruch 1 , umfassend die Kondensation einer Disaure 



der Fomnel: 




Oder einer aktlvlerten Forni davon mit einem geeignet geschOtzten MolekQI der Fonmel: 



A 



B 




9 



wobei n, A, B, D, p und X wie in Anspruch 1 definiert sind. 



Revendications 



1 . Compose de formule (I), ou un sel ou ester pharmaceutiquement acceptable correspondant; 



o 



A 



B 




X 



O 



(I) 



dans taquelle 
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repr6sente un cycle benz6nlque ou un cycle carbocyclique non aromatique et (n) ddsigne le nombre total 
d'atomes de carbone dans le cycle carbocyclique et varie de 4 & 8 ; 

A est un groupe (i) cyclohexylm6thyl- ou (it) phenyle 6ventuellement substitu6 par 1 & 3 substituants ind6- 
pendammentcholsjs parmi un groupe halogene. alkyle en a C4. fluoroalkyle en a C4, -0-alkyle en k C4. 
O-fluoroalkyle en Ci a C4, et Ra-C(=0)0-, ou Ra est un groupe naphtylmethyl-, 2, 2-diph6nylethyl-, ou carboxy- 
cyclohexyl-; 

B est un atome d'hydrogene, un groupe alkyle inferieurde 1 k 6 atomes de carbone ou est un groupe aralkyle 
contenant de 7 & 18 atomes de carbone. dans lequel le groupe aiyle est 6ventuellement substltu6 par un ou 
plusleurs substituants independamment choisis pamii un groupe halogfene, alkyle en C. k C.. fluoroalkyle en d 
k C4, -0-alkyle en a C4, et -O-fluoroalkyle en k C4; 

D est un atome d*hydrog6ne, ou un groupe de formule : 




o 



ou 




ou Y est un atome d'hydrogfene, un groupe alkyle contenant de 1 a 6 atomes de carbone, ou un groupe 
cycloalkyle contenant de 3 S 8 atomes de carbone ; 

chacun des centres chiraux a et b est independamment de configuration R ou de configuration S ; 
p vaut 1 ou 2 ; et 

X est choisi pamrii les groupes liydroxyle, et — 0-alkyle en k Cg 

k la condition que si B est un atome d'hydrog&ne ou un groupe alkyle infdrleur, D ne soit pas un atome 
d'hydrogfene, et que si D est un atome d'hydrogene, B soit un groupe aralkyle. 

Compose, sel ou ester selon la revendfcation 1, dans lequel la configuration st6r6ochimique du groupe A est 
comme indiqu6 Id : 
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H 




Compose, sel ou ester selon la revendication 1 ou la revendicatlon 2, dans lequel B est uh atome d'hydrogfene ou 
un groupe alkyle inferieur at D est I'un des substituants 




NHY 




ou 




ou Y est tel que dSfini k la revendication 1 . 

Compose selon la revendication 3, ayant la formule (II) ou (II)', ou un sel ou ester phanmaceutiquement acceptable 
correspondant : 



50 
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10 



HOOC 




NHY 



(II) 



15 



20 



25 



HOOC 




(CH,)p 
^COOH 



on 



30 



dans lesquelles p, Y et 



V 



35 



40 



45 



sent tels que definis dans la revendication 1 ; 

B' est un atome d'hydrogfene ou un alkyle inf6rieur; et 

A' est un groupe cyclohexylm6thyle, ph§nyle, o-fluoroph6nyle ou p-ehloroph6nyle. 

5. Enantiomere ou diaster6om§re d'un compos§. sel ou ester selon la revendication 4, ou un melange de formes 
enantiom6riques et/ou dlaster§omeriques dudit compos6, sel ou ester. 

6. Compose, sel ou ester selon la revendication 1 ou 2, dans lequel D est un atome d'hydrogene et B est un groupe 
aralkyle dans lequel le groupe aryle est eventuellement substitu6 par 1 ^ 3 substituants ind6pendamment cholsis 
pamil le groupe chloro, fiuoro, m^thyle, CF3, OCH3 et OCF3. 

7. Compose, sel ou ester selon la revendication 6. dans lequel le groupe aralkyle B est un groupe de formule : 



so 



(CH2)— phe 



55 



ou 



(CH2) — CH(Phe)3 
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oCi m vaut 1 ou 2, et Phe est un groupe ph6nyle 6ventuellement substitu6 par 1 ^ 3 substituants ind^en 
damment choisis parmi le groupe chloro, fluoro, m6thyle, CF3, OCH3 et OCF3. 

Compose, sel ou ester selon la revendication 7, dans lequel le groupe B est choisi parmi : 



CH2CH 



I — CH2CH2 — (Q 




OMe 



-CH2CH2 




CI. 



I — CH2CH2— /Q 



|— CH2CH2— CI 



I — CH2CH 
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CH2CH2 CH 



10 



15 




9. Compos6 selon la revendication 7 ou 8 ayant la formule (III), ou un sel ou ester pharmaceutiquement acceptable 
correspondent: ^ 



20 



25 




(HI) 



30 



dans laquelle 



V 

35 est tel que defini dans la revendication 1 , B" est un groupe aralkyle comme defini dans la revendication 6 ou la 

revendication 7 et A" est un groupe cyclohexylmethyle, phenyle, p-bromoph6nyle, p-trif luorom6thylph6nyle ou 0- 
fluoroph6nyle. 



45 



so 



10. Enantlomfere du compos6. sel ou ester selon la revendication 9, ou un melange dudrt compos6, sel ou ester avec 
40 l^nantiomferecon-espondant. 

11. Compos6, sel ou ester selon I'une quelconque des revendications pr6c6dentes, dans lequei le groupe 

COOH 



\ 



v. 




55 



est choisi panni 
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12. Compose, sel ou ester selon la revendicatlon 11 , dans lequel le noyau carbocyclique est un groupe cyclohexyle 
ou un noyau cyclopentyle dont les substituants sont de confonnation trans I'un par rapport a I'autre. 

13. Compose, sel ou ester selon la revendicatlon 12, dans lequel la configuration stereochimique du cycle carbocy- 
clique est 1 R, 2R. 

14. Compose de fomnule (IV), ou un sel ou ester phanmaceutiquement acceptable correspondant : 




(IV) 



dans laquelle les centres chlraux sont de configuration R, R. S, S,.S. 
15. Compos6 de fomnule (V) ou un sel ou ester phamiaceutlquement acceptable correspondant : 




dans laquelle les centres chlraux sont de configuration S, S, S, S, S. 
16. Compost de fomnule (VI) ou un sel ou ester phamnaceutiquement acceptable conrespondant : 
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10 



15 



20 



25 



30 



35 



40 



45 




(VI) 



dans laquelle les centres chlraux sont de configuration R, R, S, S, S. 
17. Compose de fomiule (VII) ou un sel ou ester pharmaceutlquement acceptable correspondant : 




(VII) 



dans laquelle les centres chlraux sont de configuration R, R, [R/S], S, S. 
18. Compose de fonnule (VIII), ou un sel ou ester pharmaceutlquement acceptable con-espondant : 



50 



55 
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(Mil) 



dans laquelle ies centres chiraux sont de configuration R, R, S, S, S. 
19. Compos6 de formule (IX) ou un sel ou ester pharmaceutiquement acceptable conrespondant : 




NH2 



dans laquelle Ies centres chiraux sent de configuration R, R, S, S, S. 
20. Compos6 de formule (X) ou un sel ou ester pharmaceutiquement acceptable correspondent : 
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35 




dans laquelle les centres chlraux sont de configuration R, R, S. 
21. Compose de fomriule (Xl) ou un sel ou ester phannaceutlquement acceptable correspondant 




40 



O (XI) 

dans laquelle les centres chiraux sont de configuration R, R, S. 
22. Compose de formule (XII) ou un sel ou ester phamiaceutiquement acceptable correspondant 
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dans laquelle les centres chlraux sont de configuration R, R, S. 
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23. Compost de formule (XIII) ou un set ou ester pharmaceutlquement acceptable correspondant : 





(XHI) 



dans laquelle les centres chiraux sont de configuration R, R, S. 
24. Compost de fomiule (XIV) ou un sel ou ester phamnaceutiquement acceptable con^espondant : 




(XIV) 



dans laquelle les centres chiraux sont de configuration R, R, S. 

25. Compose, sel ou ester selon I'une quelconque des revendicatlons pr6c6dentes a usage phamiaceutlque. 

26. Utilisation d'un compos6, sel ou ester selon I'une quelconque des revendicatlons 1 ^ 24 pour la fabrication d'un 
medicament destind k la pr^entlon ou au traltement d'une Infection par le virus de I'hdpatite C, 

ou d'une affection apparent^e. 

27. Composition phamnaceutique comprenant un compose, sel ou ester selon I'une quelconque des revendicatlons 1 
h 24 et un excipient, diluant ou vehicule phamr>aceutiquement acceptable et/ou un autre agent dou6 tfacuvit6 
therapeutique ou prophyiactique. 

28. Proc6d6 pour la preparation d*un compost selon la revendbation 1 , comprenant la condensation d'un diaclde de 
fomnule : 
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d'une forme activee de celui-ci, avec une molecule convenablement prot§g§e de fomiule 




ou n, A, B, D. p et X sont tels que def Inis dans la revendicatlon 1 . 
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